M CROMAVE FABRI CATION OF AIRFO L TIPS BACKGROUND OF

THE I NVENTION This invention relates generally to

hi gh-t enperature conmponents for gas turbine engines

and nore particularly to turbine airfoils. Thermal and

mechani cal | oads applied to the |leading and trailing

' ] ngine airfoil can
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in gas turbine engines experience durability problens
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to updr e entire airfoil to a nore thermal -
resi stant and oxi dation-resistant all oy because this
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envi ronnental ly resistant alloys (higher |iquidus and
weight dus) and the conponent alloys (lower |iquidus and
solidus). This msmatch is great enough that by the
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.away of the cqnponent. In processes to _date that do
disconingeshen|use rdhs ponyiactygolicpmplats gap tarbinesqompenpents, so they
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en@lrbinaenthlidy teglseandfnaterials have proven difficult to attach to the basic airfoil
alloys due to a mismatch in liquidus and solidus temperatures between the
environmentally resistant alloys (higher liquidus and solidus) and the component alloys
(lower liquidus and solidus). This mismatch is great enough that by the time the solidus
of the environmentally resistant alloy is reached the liquidus temperature of the
component alloy is far exceeded resulting in a melt away of the component, In processes
to date that do join the blade alloy to the tip allby a distinct centerline is formed in the
~joint, Experience predicts that this type of joint is likely to fail in either fatigue or
rupture.

Accordingly, there is a need for a method of attaching environmentally resistant alloys to

conventional superalloys.




rupture. Accordingly, there is a need for a nethod of
attaching environnentally resistant alloys to
conventional superalloys. -1 BRI EF SUMWARY OF THE

| NVENTI ON The above-nenti oned need is net by the
present invention, which according to one aspect
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providing an airfoil body made of a first alloy and having curved pressure and suction
sides, a tip cap disposed between the pressure and suction sides at a radially outer end of
the airfoil body, and a squealer tip extending radially outwards from the tip cap;
removing a portion of the squealer tip so as to reduce its height in a radial direction;
providing a preform comprising a metallic powder of a second alloy different from the
first alloy and formed in the shape of an extension of the squealer tip; disposing the
preform on the squealer tip; and heating the preform with microwave energy to sinter the
metallic powder together in a consolidated squealer tip extension, and to bond the

squealer tip extension to the body.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be best understood by reference to the following description taken in

conjunction with the accompanying drawing figures in which:
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providing a preformconprising a netallic powder of a
- second alloy different fromthe first alloy and
formed in the shape of an extension of the squealer
tip; disposing the preformon the squealer tip; and
heating the preformw th m crowave energy to sinter
the ~nmetallic, powder tog eth? in a consolidated
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scmeqdpmmthemo_f,vmth the acconpanying drawing figures in
which: -2 Figure 1is a perspectlve view of an
F.exe?.l a:Py SBTI or art turbi.n | ade; ure 2is a
EHESSS SPETPETRE WIE %prego ?891“68 He turbi ne bl ade
of Figure 1, showing a squealer tip thereof; Figure 3
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igure 4 is a schematic cross-sectional view of a
angdr ef orm i nsi de a ni crowave chanber; and Figure 5 is a
schematic side view of an alternative process for

hin ueal er ti reformto an airfoil. i
Pl P it s Bk s llieRiotnet e e Ping asgeeder tie
plgfogwtagﬁamrel n identical reference nuneral s denote

the sane elenments throughout the various views,
ure 1 depicts an exenplary turbine blade 10 for a
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applicable to the construction of other types of
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trailing edge 16, a tip pl atform 20, a convex

tugyig ¢ngiies ﬂa@mspntzzve@ﬁa 1%@@@}133 am@lcp!ple g thegonstruction of other

types of metallic components, such as stationary turbine vanes, frames, combustors, and

the like. The turbine blade 10 comprises an airfoil 12 having a leading edge 14, a trailing
edge 16, a tip 18, a platform 20, a convex suction sidewall 22, and a concave pressure

sidewall 24. An arcuate inner platform 26 is attached to the platform 20 of'the airfoil 12.

In manufacturing the airfoil 12, the pressure and suction sidewalls 24 and 22, a tip cap 28,
and a partial height squealer tip 30 are integrally cast as a one-piece airfoil body 32. The
airfoil body 32 is typically cast from known type of a nickel; or cobalt-based superalloy
having high-temperature strength properties suitable for the intended operating
conditions. Examples of known materials for constructing the airfoil body 32 include

RENE 77, RENE 80, RENE 142, and RENE N4 and N5 nickel-based alloys.

A squealer tip extension 34 is bonded to the partial height squealer tip 30. The squealer
tip extension 34 preferably comprises an alloy which exhibits superior high-temperature

oxidation resistance compared to the base alloy of the airfoil body 32.




sidewal | 24. An arcuate inner platform26 is attached
to the platform 20 of the airfoil 12. In manufacturing
the airfoil 12, the pressure and suction sidewalls 24
and 22, a tip cap 28, and a partial height squeal er
tip 30 are integrally cast as a one-piece airfoil body
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10000 C. More particularly, the Pd is _present in an
abgrb L etomik BerRentfuPd akpeit! atomic percent, the platinum is present in an

amount up to about 54 atomic percent; and the balance comprises rhodium, wherein the

thodium is present in an amount of at least 24 atomic percent.

Unfortunately the mismatch between the melting points of the squealer tip extension 34
‘and the airfoil body 32 is great enough that by the time the solidus of the
environmentally resistant alloy is reached the liquidus temperature of the airfoil body

alloy is far exceeded resulting in a melt away of the airfoil body 32.

- Figure 3 depicts a preform 36 for a squealer tip extension for use with the present
invention. The preform 36 substantially matches the peripheral shape of the partial height
squealer tip 30, and has a radial height "H". The radial height H is selected to provide
adequate protection for the airfoil body 32 from high-temperature oxidation, while
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1 atom c percent to about 41 atomic percent; the Pt is
present in an anount that is dependent upon the
anount of palladium such that: a) for the anount of
pal l adium ranging fromabout 1 atom c percent to
about 14 atom c percent, the platinumis present up
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diRfnSBAbf Mok 08277 ﬁﬂ@%g,bar if Pay b oredmYRhtif thickness. In the
pal ' adium ranging from about 15 atomc percent up to

illaktrated dxangtlotheqadiarieeght "HY Beabplial. 2 himn (G05riagent in an
anount up to about 54 atom c percent; and the bal ance
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Figure 3 depicts a preform 36 for a squealer
mekiirnequpmémr Teerewltite predornnr esermicadllywesshed to réhieve a large
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.the amount of _maéeri al used. The radial height "H' may
sigjgring piqeess degsribed pelew. di nensi on of about 0. 127 nm

(0.005 in.), or it may a nore substantial thickness.
TP oA Bl e St ol BEA 2 R e i FigheS 4. The
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repared b a known powder. netal lurgy (PM process in
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metallic
process. In the illustrated example a supply 40 of inert gas such as argon is connected to

the interior of the chamber 38. A microwave source 42 such as a known type of cavity
mﬁgnetron with an output in the microwave frequency range is mounted in
communication with the chamber 38. The microwave spectrum covers a range of about 1
~ GHzto 300 GHz. Within this spectrum, an output frequency of about 2.4 GHzis known

to couple with and heat metallic particles without passing through solid metals.

The microwave source 42 is activated to irradiate the preform 48, In the illustrated
example the microwave source 42 is depicted as having a direct line-of-sight to the entire
preform 36. However, it is also possible to configure the chamber 38, which would
typically be metallic, so that the preform 36 is heated by a combination of direct and

reflected microwaves. Because of the small metallic particle size in the preform 36, the
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powder is mxed with a plastic binder and extruded to

a desired shape using plastic nolding equipnment. The.

resulting preformis chemcally washed to renove a

| arge portion of the plastic fromthe powder before

subsequent sintering. Regardless of the process used
of the [ 1

B e L L0, B B i e o
tefH R heloWwOthe TiaHidgs fegrﬁ%?éuh@ ol Eﬁe)in%lgig pb%e%grﬂél?&ﬁ)ugh to

sintering process des bed bel ow. The process o
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depicted in Figure.4. The reform 36 i s placed on top
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e SAE B b e Beaor L et f
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407of 1nert gas such as argon is connected to
the interior of the chanber 38. A mcrowave source 42
Thehfoan 34 ikinddat the pesirod taneperdtyre forrguelected minwi fiehiod fong enough
outqut in the. m crowave frequency range i upted i )
togtH it @aanoelidRlet SRRl or HR B isnIo 3478 p dopiletbe squealer tip
QORI BLRUR'S R A BRY : i L S
ev§§ In thﬁg'gbectf%%?-g%ggﬁ$g8%q?%€gﬁgﬁé§gggggg ut %Fﬁ?Of

thGhi crowakesomree) isgelectad iepending oa naridbdatsusheisdid mass of the preform
ticles wthout passi t hrough_ solid tals. The. .
3dthe shaae o b Faaambes Beanddbs gad die d5TPd Cxile Sme ehe sintering
prg&%g_orm 48. In the illustrated exanple the m crowave
source 42 is depicted as having a direct |ine-of-sight
to the entire preform36. However, it is also
Wihes helsingering ayolefis gudetethe tlbinbbladd 80 iswbimotedfbath the chamber

3%@3% t&&%ﬁ%ﬁ #ﬁiiﬁ%o Hf%f&tgﬁ?% 'élté{ff h(ﬁélg; égﬁgg@%ﬁto additional
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the particles and heat them The preform 36 is heated
Figared illustrates an alternative method of creating a preform 36'. A mold or dam 43 is

formed around the radially outer end of the airfoil body 32. A core 44 may be inserted
into the dam 43 to define an inner perimeter. A preform 36' is then created through a
metal injection molding (MIM) process using the extruding apparatus 46 shown. After
the preform 36' is constructed in place, it is microwave sintered as described above to
consolidate it and bond it to the airfoil body 32. If the dam 43 is constructed from a
microwave-transparent material, then the preform 36' may be sintered without removing

the dam 43.

Regardless of how the preform 36 is constructed, the airfoil body 32 and squealer tip
extension 34 may be subjected to further consolidation using a known hot isostatic
- pressing ("HIP") process to ensure that the squealer tip extension is substantially 100%
dense.
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tenperature bel ow the |iquidus tenperature of the
nmetal lic powder and high enough to cause the netallic
powder particles to fuse together and consolidate. The
high tenperature also nelts and drives out any
remai ni ng binder. Since the mcrowave energy wll not
Hﬁgu pl.e with the bul k naterlal of the airfoil body 32
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tip extension 34 securely to the airfoil body 32. The
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preform36'. A nold or dam43 is forned around the
radially outer end of the airfoil body 32. A core 44
may be inserted into the dam 43 to define an inner
perineter. A preform36' is then created through a
nmetal injection nolding (MM process using the
extrudi ng apparatus 46 shown. After the preform 36
Is constructed in place, it is mcrowave sintered as
descri bed above to consolidate it and bond it to the
airfoil body 32. If the dam43 is constructed froma
m crowave-transparent nmaterial, then the preform 36
maybe sintered w thout renoving the dam 43.




Regardl ess of how the preform 36 is constructed, the
airfoil body 32 and squealer tip extension 34 may be
subjected to further consolidation using a known hot
isostatic pressing ("H P') process to ensure that the
squeal er tip extension is substantially 100% dense.
CB?J%#%ShOUld be noted that the above-described nethod
achnent of a squealer tip extension is equally

appl i cable both to new nake and to repair or
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turbine airfoil "having a conventio Squeal er tip

extension 34 nmay be repaired or upgraded by renoving
provslisgubedyanadd of adustalloyon, and then attaching a new

squeal er tip extension as descri bed above. The
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apparent to those skilled in the art that various

modi fications thereto can be made w thout departing
heatiggpaig peeterp vith migrawaveopsteyfto sinterispid arptalbppowder together and
.o he.foregoi ng description of the
Kﬁ%@?é&#&%&%%%gﬁgﬁ%ﬁ(ﬁ%f the invention and the best
node for practicing the invention are provided for
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purpose of limtation, the invention being defined by

the clainms. CLAIMS: 1. A nethod of producing a
PrrEidg § mixtiwiesd A drptallic pomsder of g gecond allgy éﬁ“h@b’@%%dy made

of a first alloy; providing a preformconprising a
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preformw th m crowave energy to sinter said netallic
legunwiesaid prgfringo ranave dxoedsdintles.ai d preformto said
body.

3. The method of claim 2 wherein a majority of said binder is removed by washing said

preform with a solvent selected to dissolve said binder but not said metallic powder.

4. The method of any one of the preceding claims wherein said preform is fabricated by:
providing a metallic powder of a second alloy; and

compacting said metallic powder into a mold under pressure to form a perform.

5. A method of producing an airfoil, comprising:

providing an airfoil body made of a first alloy and having curved pressure and suction
sides, a tip cap disposed between said pressure and suction sides at a radially outer end of
said airfoil body and a partial height squealer tip extending radially outwards from said
tip cap;

- providing a perform comprising a metallic powder of a second alloy different from said

first alloy and formed in the shape of an extension of said squealer tip;
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2. The nmethod of claim1l wherein said preformis

fabricated by: providing a mxture of a netallic

powder of a second alloy and a binder; nelting said

bi nder and casting said mxture in a nold to forma

preform and |eaching said preformto renobve excess

binder. 3. The nmethod of claim2 wherein a majority of
PRSHiqpIg sr‘i‘&ﬂe?reg’?nro Ui ANty said preformwith a

sol vent selected to dissolve said binder but not said
heXBh@kill perromsl Qith ricroieBERY o Shter B¥d MRalGowddtogether in a

precedi ng clainms wherein said preformis fabricated
campolidapadoqiehlerdipgxtensigh, and tpbawdsaidstiucale dipentinsibh ty/said body.

and conpacting said netallic powder into a nold under
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said airfoil body and_a partial height squealer ti
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tip; -8 positioning said preformon said squealer tip;
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sinter,_said netal powder together. in a consolidated
Preforaayity a %que“éﬁﬁﬁ%%%‘? @rﬁlssahf& S@@q%féﬁﬁ‘i butny said geetalle ppyvder.
extension to said body. 6. The nethod of claimb5
8. BE 1S Ab S atly BREH LB el amb 3198 7 G BMa | Qi dted by:
m xt ure of aynetallig powder of a secoﬁﬁﬁgﬁtgiagﬁgegby
bi nder; nelting said binder and casting said m xture
providengranhetallio pbwden of gueedret atloyamdl | eachi ng sai d
preformto renove excess binder.

compacting said metallic powder into a mold under pressure to form a perform.

9. The method of any one of the claims 5 to 8 wherein said preform and said body are
disposed in a chamber provided with a controlled composition atmosphere during said

heating.
10. A method of modifying an airfoil, comprising:

--providing an airfoil body made of a first alloy and having curved pressure and suction
sides, a tip cap disposed between said pressure and suction sides at a radially outer end of

said airfoil body, and a squealer tip extending radially outwards from said tip cap;
removing a portion of said squealer tip so as to reduce its height in a radial direction;

providing a preform comprising a metallic powder of a second alloy different from said

first alloy and formed in the shape of an extension of said squealer tip;

disposing said preform on said squealer tip; and
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7. The nmethod of claim6 wherein a mpgjority of said
bi nder is renoved by washing said preformwth a
sol vent sel ected to dissolve said binder but not said
netal lic powder. 8. The nmethod of any one of the
clains 5 to 7 wherein said preformis fabricated by:
r.ovidiing .a netall.ic powder of a secqnd al.l oy; ,and .
nifg st P mir SrRTe Sitmde s i SH ol i@ eether ina

cdHsEBHH BsqhSaléid nBRh AW béhd shRBqIBINA Riendid _t(gﬁﬁ’d body.

S féf@x?e
of the clains to 8 wherein said preformand sa
body are disposed in a chanber provided with a
controll ed conmposition atnosphere during said
heating. 10. A nethod of nodifying an airfoil,
conprising: providing an airfoil body nmade .of a first
al l oy and havi ng curved pressure and suction sides, a
tip cap di sposed between said pressure and suction
sides at a radially outer end of said airfoil body,
and a squealer tip extending radially outwards from
said tip cap; renoving a portion of said squealer tip
so as to reduce its height in a radial direction;
providing a preformconprising a netallic powder of a
second alloy different fromsaid first alloy and
formed in the shape of an extension of said squealer
tip; disposing said preformon said squealer tip; and
9 heating said preformw th m crowave energy to sinter
said netallic powder together in a consolidated
squeal er tip extension, and to bond said squealer tip
extension to said body.
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